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EXFERIMENTS ON BRITTLE FRACIURE OF STEEL PLATES

1. Modifications of the Griffith thoory.
Acesrding to the Oriffith thecry 1)(2). the tensile
[ ]
strength of a brittle body containing a surface crack of length )

c ia

o = 3_9_3_ (1)

if the body is a plate thia compared with the length of the

2 a E "
¢ = Y ——5= 2
we(l-v:)

if it is thick compared with c. In these eruation~, E is Young's

crack, and

L at)
Ns®

modulus, @ the specific surfaco energy of the surfacs of fran-

ture, and ¥ Pcisson's ratio.

These esquations cannot be applied to brittle fracture in

(3)

normally ductile steels, for the following reason « In the
Oriffith theory, the surface energy a represents the work re-

quired for enlarging the crack, per unit area of alditional

The originel czlculations of Uriffith refer to the iwo-
dimensional caze (e.g., & plate containing a crack). Ths
"length" of the crack is then neasured on the facze oi ihe
plate; in the case of an edge crack, it is identical with
its depth measursd . rom the adge. The repults of the cal-
culation are approximately velid for any surface crack if
the radius of curvature of ihe surface is lsrgs compared
with the dimensionn of the orack and if the width of the
erack (mensured sleng the surface) is iarge compared with
its depth. In this cace, the depth cf the crack corref-
ponds to the ¢rack lengih in the two-dimensional ens~ and
is traditionally cnlled ite "lengtn".
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surface of fracture. In a completely brittle material, frac-
ture is not accompanied by any plastiic deformation; in a low=
carbon steel, however, a thin layer adiacent to the sariaces
of fracture is planiically dietort;d. even thougn thes fracture
mAy appear quite brittle: this is recogn!zed from X-ray back

reflection photographs(4).

The cause of the distorticn is

easy to understand: theo cleavage planes in neighboring grains
do not intersect, in gemsral, at the grain boundary, so that a
cleavage in one grain camnot progress gmoothly into & neigh~
boring grain. As a ruls, cleaQage starts indepsndentiy in
saveral adjacent grains, &nd the process of separation is then
conpleted dy tearing involving plastic deformation at the grair
boundaries, In an annealied or hot-rolled stenl the X-ray
diffraction spote from the individual: grains are nor=mnlly sharps
the intensity of the plasiic. distortion at the surfazs of frac-
ture, therelors, 222 he estimated from the 4iffuseness of the
spote in back-raflection photographs. The efiective thickness
of the cold—vgrked layer can be estimated from thg rate &t which
the diffraction spcts in successive X.ray photographs become
sharper as more and mors materisl is removed by etching from the
fracture surface (Figs. ia, 1b, 1lc). Previous estimates of this
kind (%) have led ta the order of mugnitude of 106 ergs/cma for

the plastic distortion work in the brittle fracture surface of °

a ship éteel broken At room temperature; the steel from which

the photcgraphs shown in Figs. la to 1lc were taken gave a probabdble

2
.

A
value of about 2 . 10 ergz/em
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Pig. lec.
0,58 o= denth

Fig. 1b3 0.25 mm depth

in general, ths Griffith
theory can be applied only if

no plastic deformation occurs

&
©

during the fracture prozess.
However, if the plastic deforma-
tioz is confinel to a lzyer at
tha surface of fracture the
thickness of which ia small
compared with the length of ths
crack, the plastic work is pro-
portional to the area of the

surfaco of fracture and its
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value per unit area can be added to the surface energy, since
tyeirvsub is the total work required for enlarging the area of
the crack wall, bty unit amount. The X-ray investigations just
mentioned here have shown that the effestive thickness of the
9914 vorkgd layer is of the order of 0.3 or 0.4 mm., This, of
course, is fgr;abovq tﬁo usual lerngths of the Griffith crack in
coiapletely brittle oaterials iike glaess; howevef. brittls fraciure
1#'15v carboﬁ steel at or around room tempsarature canAot start
without initiation by a crack or a notch far dssper than the
thizlness of the plastically deformed surface lavar. It casms
Justified, therefore, to z2ssume that the plastic surface work
can be taken into account by adding its value 5 per unit area

to the surfece anergy in the CGriffith equation. In this way,
eq. (1) becomes

—_—
o ¥q Kot (3)

if the factor 1ﬁ£ﬁ:' ias omitted. IF¥ thia eoquation is satisfied,
the elastic energy released during the crack propagation is just
sufficient to cover the work p + a required for eniarging the
fracture surfaca of the crack by unit area.

Since, as just mentionad, the plastic surfuce work p in
low carbon steel at room temperature is probably of order of
magnicuds 10° orga/cma. it is about 1000 times grestiar than the
surface energy which, for hard metals, is between 1000 and 2000

ergs/cma. Consequently, @ can be neglected beside p, and eq.

(2} written as
Ep
c

c =

(4)
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The ianitial purpcss sf the present investigation was to test
experinentally the crack propagation condition eq. (4). The
o8t satisfaciory and complete way ot'doing this would ke $o
moasurs p icdependently and to compars ths valuse of-a'-giv-n?hy
eq. {4) with casurements of the tex=ile strength of twpiaxo
containing an atomically sharp crack ¢f dapth c. Howswer, the
X~-ray massurement of p in the way Just maﬁtionad con;d not de
carried out with an accuracy go;ng beyocnd an order-of-magnitude
estimate, for the following reason. In onrder to establish a
relationship between the diffusensss of ths X-ray ditfinction
spots and the amount of plasiic strain, a comparison chart of
X~ray photographs of the same material for a series of known
piastic atra;nt wvapld have to be made. For the present purpocse,
strains of the order of 1 or 2 per cent Are of in'erast, since

X-ray back refisstion photographs of the surface of brittie frac-

“ture indicate plastie strains of euch magnitude. However, plastic

strains bslow the Liders strain (ihat prosent in the Liidere bands
before the end of the yleld) camnot be producsd in mascroscopic
volumes, so that the required region of the comparison chart
wouid be mimssing. Furthermcre, the distortion in the surface of
fracture is very unsvenly distributed; some fregmente, almost
completely toran out of the surface, are severely deformed, while
the grains underneath.may be only slightly deformed. Oiring to
this, the type of cepottiness seen in the X-ray photographs of

the fracture surface (cf. Fig. ia) is rathsr different from that

cbtained with a specimen distorted in tension or compression
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(see Fig. 2), and the compar-
ison of the two photographs is
difficult: the fracture surface
reveals a mixture of widely
different nlastic siraius.
Aféer rsalizing this
difficulty, we decided to re-.
atrict the investigation %o
the measurement of fracture
stresses of stesl platss prow-

vided with cracks of different

Pig. 2.
€2 V2% depths, and the comparison of

the cbssrvsd rclsaiionship bstwaen ¢ and ¢ with that in eq. (4).
If the measured o - ¢ curve is sufficiently well approximated by

aq. (4). it can be used for obtaining a value for the quantity p.

2s_ Produciion of specimens containjing sharp cracks of given length.

The expeariments were carried out on plates from the tanker
"Ponaganset’ which broke in two in Boston Herbor on December 9,
1947. All specimens discussed in this paper were cut from a 3/4 in.
plate through which the cracrk ran when the ship broke up; ite
position in the hull can be identified by means of the repcri on
the "Poraganset" failure (5). where it w=s desigrneted by the letters
"PADY,

The final size of the plate tensile specimens was eliout 4 ir.

width by 12 in. length., The width reprssented ths uvpper limit that

-
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could be hendled with the
largest testing; machine at
our disposal, a Southwark-
Emery hydraulic machine of
300,000 1b capacity. The
specimens were provided with

an initisl brittle crack at

the middle of one edge in
Fig. 3. the following way. First, a

specimen with a side flap
according to Fig. 3 was machined, and the flap provided with a notch
for inserting a splitting wedge, as shown in the figure. A brittle
crack was then produced by hammering the wedge into the ratch after
the specimen was cooled down by immersion in liquii nitrogen. The
length of the crack could ve cgntrelled to & certain extent by pro-
gresezive splitting with a succession of moderate blows with a hammer
on thes wodge. In addition, any desired length could be achiaved
sccurately when the flap and a certain margin containing the excess
length of tha crack were trimmed off the plate along a line shown
dotted in Fig. 3. The ends of the crack could be recognizod clearly
by the absence of frost in a narrow zone a2long the crack. Ixrmina-
tion of the fractured specimen showed that the crack front was not
straight; in éha middle of the plate it was ahead of the ends of
the crack visible on the surfaces of the plate,

The pressnce of a nctch on only one side of the plate introduces

s i

e,
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Fig. 4

a certain eccentricity. Although tpe effect of this c&a be
taken into accecunt approximately(s). a numbor of experiments

was carrisd out in which the bending moment due to the asymmetry
was compensated in the way shown in Fig. 4. Two sirips of 2 in.
width each provided with a crack as dercribed above, wers tacked

together by welding near the ends with the cracks turned towarde

each other. Any bending dus to the eccentricity of the indivi-

dual strips would force them together and thus would be countsracted

by the pressure between them. The experimenies descrided in the
following section have shown that the difference bstween the ra-

sults obteined with the asymmetrical and the symmstrical (double)

specimens wvas comparatively small.,

3. Xxperiments.

The load was applied to the specimens through wedgs giips
with roughened inner surfaces; the specimen was grippzsd so that
its free length was about 7 in. with the crack half way between

the grips, and ioaded at a rate of about 1000 1b/sec. In Table
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1 the measured tenai%e strengths are given for all specimens
except those which showed disqualifying irregularities of fracture
appearance. Iin most etpecimens represented in Table I, fracture
was completed; in a minority, the orack stopped before the separ-
ation was complete. Tha corresponding data for the symmetrical
specimens, cut from the same piate {FAD) as those in Table I,

are given separataly in Table 11.

The relaticnship between breaking stress and initial crack
length is shown in Fig. 6, representing the deta of Table 1. The
curve iepresents eq. {4), with the value of p that minimixcs the
sun of the squares of the ordinate difference between the measured
points and the curve; this value is p = 4.5 x 106 ergs/cnz. Thus
the experizsutally determined specific plastic energy is scmevhat
higher than the value derived from X-ray observations (ses Section
(1) above).

The question is whether this discrepancy is a trivial conse-
quence of ths inherent inaccuracies of measursment and evaluation,
or the representation of a real difference tetween the plastic
surfncs vork estimated from X-ray photographs and the constant 3
obtained by fittirg eq. (4) to the dsta given in Tables I and II.

The letter possibiiity will be discuessed in the following section.

4. _Conclusicng,

The iden of the experiments described in the preceding section

was to provide thy specimen btefore the tensile tect with a brittle

crick of atemic sharpness und measure the tensile stireass reguired
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TABLE 1

"Ponaganset! Plate PAD;
specimens with single edgq cracks.

Room Temperature Tests
Flate Thickness: 2 ecm
Specimen Length: ~ 30 em

Number  Jpitial Width: Initiel Crack Frecture
em. Length: cm. Load: 1)

3 10.4 1.7 211,000
i 10.0 0.5 145,000
5 10.0 1.3 134,000
6 10.0 2.6 87,000
8 9.9 2.4 84,000
9 10.0 1.0 137,600

10 10.3 0.5 191,000

ABLE 1T

*Ponagar.set® Plate PAD;

Avorage Stress

2420

3040
1970
1930
3130

specimens with internal (symmetrical) cracks.

Room Temperature Tests
Plate Thickness: 2 cm
Specimen Length: ~ 30 onm

Number Initial ¥Width: % Initial Crack Fracture

Avernge Streas

cMe Length: cm. Load: 1%u
D-1 10.2 0.68 126,000
.2 10.1 l.2 106,000
D-3 10.0 1.85 22,000
D-4 10.1 2.0 91,000
D.6 10.1 0.55 154,500

kg/en?
2840
2380
2090
2050
3480
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EDGE GRACKS iN
"PAD" SPECIMENS AT
3000. O-ROOM TEMPERATURE
AVERAGE 2000 \bO\
STRESS P = 49 KG-CM/CM2
KG/ O
1000
o) A
Y l 2 3
CRACK LENGTH - CM
rFig. 5
3
S
2000 INTERNAL CRACKS IN
o\ “PAD" SPECIMENS AT
\(\Rooi\a TEMPERATURE
AVERAGE 5, \CE)
STRESS N~
KG/CME
p = 3.4 KG-CM/CM2
1000
0
0 2 3

HALF CRACK LENGTH -G
Fig. 6
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for starting it to propagnte. This, iL was haped, would give
8 direct experimentnl tecst for the criack propagation condition
ez. (4).

The plots of the observed fracture stresses against the
lengths of the initial cracks, shown in Figs. 5 and 6, seem to
provide impressivae support for eq. (4): not only do the meacured
points lie well on curves representing aq. (4), but the valua of
p derived from them sgrees in the order of magnitude with the
X-ray estimats. Yot an important feature observable on the
fractured specimens casts doubt not only on the significance
of this agreement, but also on the foundations of the classical

&

Mesreger-Ludwik triaxial tension theory of notch brittleness. It
was easy to recognize at the first visual examination of the frage
ments that econtrary tc the expectation that underlay the program
of the investigation, tie initinl dbrittle crack never continued
to propagate as & britile crack when the fracture stress was
reached. First, considerable plastic deformation toolk place aﬁ
the tip of the crack which siarted to propagate as a fibrous
crack. After a very éhort run, this changed again into a brittle
ecrack .which ran across the plate at high velocity (except in the
cases discussed further below in which the brittle crack stoppsd
due to load relaxaticn and had to be restarted by raising the
load). This can be seen in Fig. 7b where 1 is the initisl
brittie crack, Z the fibrows erack, and ¢ the brittle crack

developed from the firrcus one in t{ne ~ourse of the test. The

e e et e s e e

)
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Pig. Pe Fiso 8.

contraction of the thicknszs cf the plate by the plastic deforma-
tion around the tip of the isitiating csrack can bc recognized in
the photograph. Fig. 8 shows the plastic deformation at the tip
of ths initiating crack as it appears gn view upon the face of
the plate. Fig. 7c shows the surfaces of fracture in a specimen
containing a shorter initiating crack.

Oqcaiionally. when the inicial crack was lozg and therefors
the fracture stress low, the sacomnd dbrittle crack did not run
through the plate bu§ stopped in it. In such cates, it could be
re-started by increasing the load which, owing to the inability of
the testing machine to follow the extension of the speciann, had
dropped drastically {e.... to one-half of the initiel fracture load)
by the time the crack had stopped. However, &s in ths first in-
stancs, the brittle crack did not propagate as such when the load

was raised. Again extensive plastic deformation leading %o the

formatior of a narrow zoun¥ of fibrous or shear fracture took place

st A
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at the tip of the crack, znd then the ductile crack changed to
a brittie.oue which ran at high velocity. In a few cases, the
crack stopped for a sscond time owing %o the fall of thc load,
and the whole process of re-starting, with the conversion into
a duotiio and then again into a brittle crack, could be repeated
again. Yig. 7a shows tha surface of fracture of & specimen in
whish the crack stoppsd twiss before fracturs was complete.

¥ny is it that a dbrittle crack produced in the plate before
loading camnot continue to propagate as a brittle crack when the
load reaches the necessary value® What ere the factors that
compel it to change into a ductile crack with copious local piastic
deformation before it can chenge back into & brittle orask? And,
in view of this change, do the tensile tests described above have
the meanina initially ascribed to them, =f givizg corresponding
values of crack length and crack propagating stress cuitable for
supporting eq. (4)? |

The only simple explanation for the inability of an atomically
sharp brittlis crack to continue its propagation unchanged when a

tensile Btr.ss i3 applisd is to attribute it to the absence of

velocity when the propegation is resumed under a slowly anplied

stress. This almost unavoidable conclusiun requires a drastic

revision of the classical theory of notch brittleness. For the
last 50 years, the brittle fracture of ductile steels vas attri-
8)

buted, aftsr Mesnager(7) and Ludwik( ,.to the triaxial tension

ariging whe2 plastic deformation starts at the tip of a notch or




—

s Y T PUPDTIPS

T,

e

B

T R AR NP LS ST ST RS PSR RS
. .

o

N p—

a crack. Let Y in Fig. 9 bYe
the crdinary uniaxial (true)
stress-strain curve of the
material in tension; fracture
of the ductile (fibrous or
shear) type occurs at tho
point F. Curve B represents

the brittle strength (brittls

fracture stress); since it

lies above tha yield stress-

0 E strain curve OF, no brittle
. fracturs can occur in the
Fig. 9
ordinary tensile test. How-
ever, trittle fracture is poesidls if the maximum tensile stress

required for yisldiing is raised above the values given by the curve

‘OF. This can be dono:

1) by lowering the temperaturs: ferrous-materials be-
ccme brittle at a sufficiently low temperature;
2) by incremsing the rate of straining: ferroug materials
have an abnormally high:velocity-uependencu 03" the
yiald stresa-strain curve;
3) Yy superposing a hydrostatic tsneion, e.g;. by plastic
consetraint in a specimen containing & crack or a notch.
The classical thsory of notch brittleness saw i%s main causs
‘4n the Yriaxiai tension producsd by notch constraint{. The way in

which this acts can be described very simply without any .efercncs

«,
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to triaziality, in the following manner. 1In a speciren containing
a notch or & crack, plastic deformation starts in the region of
strens concsatration at the tip of the notch. Howevar, this re-
€ivh is embedded iz less highly stressed surroundings that have
not reached the point of yielding at the same time; consequently,
the region of stress concontration cynnot yield freely before the
maximum tensile stress in it has increased to the magnitude re-
quired for overcoming the constraint of the surroundings in
addition to its own resistance to plastic deformation. It can be
shown that this cffsct can ralzs thz maximum tensile stress resched
at yieldirz up to about 3 times the value of the unigxial tensgile
yield stress :f the notch is very deep and sharp. in the presence
of a notch, thsrefore, the maximum principal tensile strees plotted
sgainst the plastic strain will be repressnted by a curve iike that
dsnoted by qY in Fig. 9, and this may intersect the curve B of
the brittle strensgth hafers the plastic deformation cewid reach
the value necessary for ductile fracture to occur. In this case,
the speciman undergoes brittle fracture.

As mentioned above, the Mesnager-lLudwik theory attriduted
brittle fracture in commonly ductile steels primarily to the de-

velopment of a triaxizl iension during plastic ylelding at the tip

of a notch or a creck. Such a triaxiality requiree the occurrence

of plastic deformation; without this, only a small effect due to
elastic constraint can be present. How much plastic deformation
is necessary for the dsvelopment of full vlastic constraint has

@sver been calculated; it was implicitly assumed that deoformation

=y
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extsniing sver a very small (perhaps microscopically small) re-
&ion around the tin of tha erack would de sufficient. The ob-
servations duscribed above indicate strongly thet thie expecta

tion was mistaken: it seems that full plastic comstraint cannot
‘develop around a crack of macrnscopic length without magroscopically
observable plastic dsformation. Once this 1s assumed, the explana-
tion of the phenomenon shown in Fig. 7 presents no difficulty. If
a fracture sppears quite brittle, it cannot involve plastic de-
formation sufficient {or the development of considerable plastic
constraint: bdrittle fracture must then be due to the raising of

the yield strese to the level of the brittle strength by the
velocity asffect. If a crack travels fast, any plasiic defcrmation
that occura at its tip involves an extremely high ntrain_rata and

80 requires a sircngiy increased yield stress. With most metals,
sven the highest velocities <=nnot increase the yieid stress more
‘than 20 or 30 per cent; according to several 1nvastigators(g)(
however, the yield stress (possibly only the urpser yield point) of
low carbon steels increaves by a fantor of 2 or 3 at high rates

of deformation. This would be muite sufficient to replace fully

the highest possibdle plastic constraint effect. But if ths brittle-
ness is due mainly to a velocity effect, the crack put initially
irto the specimen cannot start probagating in the typical brittle
manner under static load because it has no velocity. Consequently,
local plastic deformation sets in, and plastic constraint develops
until the triaxiality of tension is high cnough to change the

initial fibrous crack propagntion into a brittle ons. Once thiu

S g
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has happened, the crack accalerates rapidly and further plastic

‘dotornltfon becomns vnneceasary as the velocity effect takes

over from the plastic constraint effect the task of raieing the
maximm $6xsile stress to the level of the brittle fraciure stress.

- ¥ig. 7a showa clearly that, at not too low temperatures, the
vslooity effect alone may not be eufficient for raising the yield
tension to the value of the brittle strength. At the free surfacs
of & plate, no triaxiality can exist; consenuently, some plastic
deformation with duotile (shsar) fracture must occur here if ths
velocity effent alone is insufficlient, and the well known phenomenon
of the “shear 1ip" arises. The plastic deformation produces a
slight but sbarp comstriction running in the form of a shallow
and narrow rounded groove along the line of fracture on the surfaces
of ths plate; this 1s the same phenomenon 2a tinea necking of a
tensile specimen, and it is likewiss accompanied with the develop-
‘mént of iransverse tensions in the interior which, added to the
velocity effect, lead to drittle fracture everywhere excepti at
the shear lip where, owing to proximity of the fires surface, tri-
axiality becumes too lcw., Thus, the width ¢f the shear lips gives
a measure of how much the ¥velocity effect falls short of beins
able to produce brittle fracture ealone. Thie ia impreoasively
seen in Fig. 7a. VWhen the brittle fracture starts at the fibrous
"nail® 2, 1t soon attains high velocity, and the shear lip is
quite narrow, Howvever, as 1t progressces, the iocad drops because

the testing machine cannot follow the fast expansion of the specimen,

and the veiacity of the crack decreasesz. With this, more and murss

e e e eter s e vty v . < ey
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of the velocity-effect upon the yield stress has to be repiaced
by a plasiic constraint sffect, and the width of ihs shsar 1lip
i . increases until finally the two shaar lips join up to a parabolic
arc and the crack stope; possibly after it has converted itself
into a very narrow nargin of a ductiie crack.

This picture of brittle fracture changes the classical concept
in which triaxiality was the fundamental effect. It seems now
that triaxiality alone cannot produce realiy oriittle iraciure at
all, bescause, being the result of plasiic constraint, it requires
considerable plastic deformation. Whenever a fracture is truly
brittle (4.e., of extremely low energy consumption), this must
be due mainly to the velocity effect, unlaesa tha tempsrature is
so low that the relatively small elastic oonstraint effect 1is
sufficient. Triaxiality is still important in starting off brittle

erack propagation, &s seen in the absve experimante; it is doubt.

i ful, howsver, whether it is indispensable for this purpose. Many
t service fractures do not reveal any visidle trace of plastie de-
formation at their starting point. This is rarely oUserved in
laboratory experiments. dbut it occurs sufficlently often under

servica conditions at cempletely static loading to exclude doubt

about the reality of the pheromenon. Perhaps a cleavege fracture

e

in & single grain, initiated by some insignificent factor, can

N

produce at a sufficiently low temperature a ciack veiocity high

e

snough for low-energy propagation if the neighboring grains

happen to have an orientation favorable for the smnoth centinuation

e

of the c¢cleavage process.
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The observation that the initiating cleavags crack never
spread under the appliecd stress tul always changed firat into a
ductile corack before reverting to the cleavsge type raisesn ths
question whether the use of ths crack propagation condition eq.
(4), as 1t was done in Section (3), has any physical meaning.
1t 43 egay %0 see that the insisive change in the theoretical
picture of notoch brittleness to which the above experisents have
led has c)arified the significance of eq. (4). The condition of
brittle ocleavage fracture now requires & high veloocity of tho
erack, and this can be reachesd only if the energy to be fed into
1t {in the form of surface work p) can be obtained from the elastic
energy released during iis propsgation: otherwise, very high
velocitiss of load application would de nacessary. Rq. (4)
ropresents fho condition that the work needed to enlarge the
arack muet be supplied from tho released elastic enorgy: it is,
‘therefore, ths condition for the high velocity of cim~x propog=tion
required for brittle cleavage t5 be reached under static or nearly
statio loading. From this, howsver, it does not follow that the
fracture stresses observed in the present experimsats must have

bean thoee given by eq. (4): they could have had any magnitude

exceeding this valu=s. That this is a serious poseidility is seen

at once from ths fact that the devslopment of plastic constraint
sufficient to provide the requirsd triaxiality necessurily implies
& stress condition: 1t occurec orly if the applied stresa is large
onough to produce a sufficient amount of plastic deformatiqn

around the crack. The eritical stress required for this purpose

e—
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is not directly related to the critical bdrittle crack propegation
stress given . by eq.'(4); it is likely ﬁo ts higher, and the fracture
stress ogserved 1n.the experiments described in Sections (2) and

(3) =ust have be=sn the greaier of the two critical sirssses. Which
of the two was greater cannot be recognized from the experiments;
however, the circumstance that the vmlues of p derived from the
Trcoture stress measurements wore somevhat higher than ths value
estimated from X-ray photographs would seem to indicatie ina% the

trisxiality-producing stress was greater. In this case, of course,

she valuss of p derived from the ffacture straszes Qould have a
msaning diffsrent from that in egq. (4).

The fact that the mc=sured fracture stresses lie so well
on curves representing the crack propagatica condition eg. (4)
(see Fige. 5 and &) is no indication that the fracture stresses
wore identical with the critical crack propagation stress. It

(6)

can be demenstrated that the valus of the tenaile stress at
which plastic defcrmation extends over & regicn of given size at
the tip of the crack is approximately inveraely proportional to
the squara root of the crack length. The ineasured points, there-
fore, would lie ona & - ¢ curve of the same mathematical char-
acter even if the fracture 8i2sts wsre not the crack propagating

stress determined by eg. (4) but the stress required for developing

at the tip of the stationary cerack ths intensity of plastic counstraint

needed for initiating cleavagsa fracture.
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